Potentiation by metal ions of ryanodine contracture of the mouse diaphragm.
The aim of this study was to elucidate the possible mechanism of the potentiating action of metal ions (Cu2+, Hg2+, Ag+ and SeO3(2-)) on the ryanodine-induced contracture of the mouse diaphragm. The ryanodine contracture in the quiescent muscle could be augmented by either electrical stimulation or pretreatment with high K+ of the diaphragm. Lowering the external Ca2+ concentration from 2.5 mM to 1 microM or the addition of 7 microM d-tubocurarine, which abolished the muscle excitability by blocking the receptors of acetylcholine, markedly attenuated the ryanodine contracture. Application of Cu2+, Hg2+, Ag+ and SeO3(2-) but not Ni2+ and Co2+, to quiescent muscle restored the ryanodine contracture. The potentiating effects of Hg2+, Ag+ and high K+ were dependent on the presence of external Ca2+ (2.5 mM) and intact transverse tubular systems but the effects of Cu2+ and SeO3(2-) were not. Treatment with 1 mM dithiothreitol 10 min after the application of metal ions and then subsequent addition of ryanodine abolished the potentiating effects of Hg2+ and Ag+ but not those of Cu2+ and SeO3(2-). Although ryanodine by itself had no effect on 45Ca2+ uptake by the mouse diaphragm, it significantly potentiated the increased 45Ca2+ uptake elicited by Cu2+ and Hg2+. Further elucidation of the interaction between metal ions and ryanodine on the outer sarcolemma showed that all of these metal ions, including the inactive Co2+ and Ni2+, not only decreased the membrane potential but also altered the membrane input resistance, effects which were not correlated with the potentiating effects of the metal ions on the ryanodine contracture.(ABSTRACT TRUNCATED AT 250 WORDS)